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7RGD\ RQ :RUOG :HWODQGV 'D\ WHQ SDUW®HY U CRIDWK
DUH ODXQFKLQJ D QHZ UHSRUW 7DNLRQ $\QUP XOYH@DW R
WR SURWHFW DQG UHZLOG D ZLGH UDDHW CRD QLE/O DZQ GV k
IRFXV RQ EULQJLQJ EDFN FULWLFDO NGILPDWD\OSHFRNVVY
KHDOWKLHU DQG PRUH IXQFWLRQDO DJDLQ

HWODQGYV DUH ZLGHO\ UHQRZQHG DV FUXFLDO HF
ELRGLYHUVLW\ UHJXODWH ZDWHU F\FOHVURMLRUH QRFFHU
IORRGLQJ DQG GURXJKWYV EXW OGHNWHEDWQRR QHNUZHAL W/®
VSHFLHVY SOD\ WR PDNH WKLY DOO SRVVLEOH

7TKURXJK DQ H[WHQVLYH OLWHUDWXUH HWY YH¥YLZG HXQ BRHH R
KRZ DQLPDOV DFW DV HFRV\VWHP HQJLQHBWW L FXKSHDARLA]
VWURQJ HIIHFW RQ WKH KHDOWK RI WY FRNVOBWW]R VG LAKHH
KDELWDWY IRU RWKHU VSHFLHV LQFUHDRN\VQUWHWPU L |
SURGXFWLYLW\ GLVSHUVH VHHGV DQE RRRKH U HREWJ DI)QC
RWKHU VR FDOOHG HFRV\VWHP VHUYLFHV

7KH UHSRUW VXPPODYRWHYO FDVH VWXGLHV WKDW XQFR"
ZD\V WKDW VSHFLHV KHOS WR NHHS ZHWODOQIGHWER V)
VWXGLHV VHUYH DV YLWDO HPSLULFD® HDYSSHEPW LRQ
UHZLOGLQJ SULQFLSOHV GHPRQVWUDWLQJYSMFRLBIYLE
UHLQWURGXFWLRQ DQG KDELWDW UHVWRUDWLRQ
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&RQVHUYDWLRQ RI )UHVKZDWHU 3HDUO OXKVYRHEQ 7$\RRWQ

5HZLOGLQJ 6ZHGHQ LV OHDGLQJ HIIRUWVVWRPVHE\WR
UHYLWDOL]LQJ KDELWDWYV FUXFLODEVIRZDWKH ¢ XD Y DY DX
D NH\WWRQH VSHFLHV WKDW SOD\V D YR@VDQ GJ RIGR W W
KHDOWK 7KHVHLPYMMHXE WR OLWHUV RI ZDWHU SHL
ZDWHU TXDZBLWH SURYLGLQJ HVVHQWLDO QXWULHQW\
$WDQWLF 6DQBRURZDURXWKHLU VKHOOV FUHDWH PLFU
ZDWHU PRVVHVY DQG LQYHUWHEUDWHY X UMRKZHHLY HELR R\
OXVVHGYWSHQG RQ KHDOWK)\ ILVK SRSXODW LR VRXIQI WK
6DOPRQ DQG 7URXW WR GHYHORS :LWK ROEDWDBWODB8GE
XVH FKDQJHV WKUHDWHQLQJ DOO WKUHHQVBHWLRYQ XV
QHHGHG

/TR FRPEDW WKHVH FKDOOHQJHV OSHZLOGRDOYXWZXO® GHY I
G\QDPLFV E\ UHLQWURGXFLQJ ERXOGHUDQBRFERRU D DLQX
SURPRWLQJ QDWLYH YHIJHWDWLRQ 7KH UBY® b MDIDRIEG
LPSURYHYVY ZDWHU UHWHQWLRQ VWDELOL]HMWFRKRWY WH
DIJDLQVW FOLPDWH FKDQJH 6SHFLHV UHERYWURG K FIIRQ
WURZQ 7URQWLFKLQJ ULYHUEHGYV ZLWK QDWXUDQFPDWH
IDXQD DQG WHPSRUDULO\ UHORFDWL QJDFXWVWHOW WK ULK
DFWLRQV DUH LPSURYLQJ ZDWHU TXDOLW\ GJHYLW
VWUHQJIJWKHQLQJ SRSXODWLRQV RI HQGDQJHUHG VSHFL

7KH FRQVHUYDWLRQ RI WKH JUHVKZDWHBRGHDQG X MRZHIX
7JURXWHVVHQWLDO IRU PDLQWDLQLQJ WKH KHDQIWK DC
HFRV\WVWHAHLU LQWHUFRQQHFWHG VXUYLYDO GHSHQG
DSSURDFK WKDW UHVWRUHV ERWK VSHFLHVLDQ® ULFDIC
GHJUDGDWLRQ DQG PRGHUQ WKUHDWV B5HZLOGLQ.
FRQVHUYDWLRQ VWUDWHIRQY WBYVR ULDQIYWKHO RI WKHV
VSHFIDHMG WKH EURDGHU ELRGLYHUVLW\ XSSRUW
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6KRUHELUGY DQG 33UH 'DYLG V '"HHU 6KDSH &RDVWDO :H

BKRUHELN@& UH 'DYLG VSBBUHVVHQWLDO UROHV LQ PD
UHVWRULQJ FRDVWDO ZHWODQG HFRV\VWHFWDE\LQQWO
QXWULHQW F\FOLQJ DQG ELRGLYHUVIHN\ SREROBWILR®
JUD]H ELRILOPV DQG GLVWXUE VHGPPHQWBURRBIERWLERQW
HFRV\WVWHP UHVLOLHQFH S3UHLQWYRGEXFBBEHQD V FRDV
ZHWODQGY KHOS FRQWURO LQYDVLYFL®GISWDWLQD @
YHIJHWDWLRQ UHFRYHU\ DQG HQKD QH @R KBDLEQMD WPS D¥
RI WKH VKRUHELUGY DQG GHHU SURY L GH OIXGABER R\Y W H
VHTXHVWUDWLRQ VHGLPHQW VWDELOL]DWLR® DQG LPS

JLHOG VWXGLHV LQ &KLQD V <HOORZ 6HDVXQEHEWQWRD)
VKRUHELUGY FDQ SURPRWH YHJHWDW L FEQ DIEH BPROGH BX & \
VKULPS SRSXODWLRQV ZKLOH 32UH 'DYLGUXFRBMHHWHLES!
PRGLI\LQJ SODQW FRYHU DQG LQIOXHQFODQDZDWMREZW YDHU
WKH ORQJ WHUP HIIHFWLYHQHVV RI WKHVHEHWSDRLG
UHVWRUDWLRQ UHPDLQV VSHFXODWLYH

W LV XQFHUWDLQ ZKHWKHU 32UH 'DY LGHW VGRHIHH ZDHORMI
HFRV\VWHPV RU ZKHWKHU VKRUHELUGVYV ERSBBW LRQ
VXVWDLQDEOH RYHU WLPH )XUWKHU UHWHW K AKE U\R DGHHH
LPSOLFDWLRQV Rl WKHLU UROHV LQ \HFIRVMVWWHKH VU
XQFHUWDLQWLHYV WKHKULUKFERQWWLEXWLERWHQWLDO IRL
VSHFLHY GULYHQ UHVWRUDWYR @ NMWQD@G FIRRONV HUYDWLF
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7KH (IITHFW RI /DUJHU 7THUUHVWULDO EHWBWWRUHYV RQ :H\

- -
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$5. 5HZLOGLQJ KDV RYHWHZLOBEYDRWLFH DQG RSHU
YDULRXV JOREDO ORFDWLRQV GHPRQWRWUPDNL QP SDKMV W
ODUJH WHUUHVWULDO KHUELYRUHYV RQ ZHWODQG KDELW

(OHSKDQMRW LQVWDQFH DFWLYHO\ SUHYHQW ZRRGOI
FRQYHUWLQJ IRUHVWYV LQWR JUD]LQJ ODRSNV P/ MDD LI
ELRGLYHALBISRY +RUVHV DOFRR®WRYLEKWH E\ FUHDWLQJ
JUD]LQJ DUHDV IURP FRDUVH JUDVVHV ZKLFN BYURPRRY
GHHU DQG DQWHORSH KHOSLQJ WR FRRWWRIOUZ BRIGU B (
IORRGLQJ DQG QXWULHQW ULFK GHSRWDIONVR ISRP\ AL UK
UHGXFLQJ ZRRGODQG DUHDV FUHDWLGWIODWILIO HKKDEL)
SRSXODWAHRMWHISDUWLFXODUO\ QRWHG IRU WKHLU WUD
ZHWODQG HQYLURQPHQWY EXLOG GDPV WXDDIWHJHC
VHGLPHQWDWLRQ DQG DOWHU ZDWHDWERY V\F®H\RH BB}
FUHDWLRQ DQG UHJHQHUDWLRQ SURYLGLQDUWLHW\ DRIt
VSHFLHV IURP ILVK WR ODUJH :PMPHPWD @\X IDRGRRMWIKGM OD L
KHUELYRUHV PDQDJH VZDPS HGJHV DQG NWXEPWUQH G ¥ H [
HFRORJLFDO ]JRQHV WKDW VXSSRUW DDGGYNHUPH IDXDIWM
VSHFLHYV

7TKURXJK VWUDWHJIJLF PDQDIJHPHQW RI KHURIQRWHUSRS
UHZLOGLQJ HIIRUWYVY ERWK VXSSRUW HFRORDLED/OD GQ Y
RSHQ G\QDPLF ODQUGXFDIBGGIYVRU WKH KHDOWK RI ZHWODC
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7KH (XubVLDQ %HDYHU DV DQ (FRV\VWHP (QJLQHHU

%DPIl :LOGODQG VLWXDWHG RQ WKH 6RRWSHIKKHDIED
VLIJQLILFDQW FRQVHUYDWLRQ LQLWULRGMNNMNRDDIAHD QV K
%HDYHUQYLWLDOO\ SODFHG LQ HQFORVXUHV GL®RQDJIH V
GLWFK WKHVH EHDYHUV KDYH UHVKDSHG EWRBLYEBQGL
DQG HFRV\WWHP UHVLOLHQFH 7KLV SUPRMRRW® CH)/GV D ERR
VHDVRQHG EHDYHU UHLQWURGXFWLRQ VLWH

e %DPIl H{[SDQGHG LWV FRQVHUYDLWURDURXAGW YV
VKHHS IURP ILHOGY DQG LQVWDOOIXZIGDDSWKLBBWHU
HVWDWH WR FUHDWH D KHFWDUH %RPSIULM®JIDQBO

ZRRGODQGY DQG H[WHQVLYH EHDYHU HQ DL QFHIHUBIG\ \ZHH
UHZLOGLQJ DSSURDFK 7KLV PHWKRG Q@YRQVYHW YPRIQ L
QDWLYH WUHH SODQWLQJ DQG LQYDVLYWDWSHFLWNOF
VXVWDLQLQJ HFRV\VWHP

7TKH SURMHFW DOVR L QMIWRVORHFGLG VW VILVRHLHY ITRU HI[\
$XURFKV DQG :LOG %RDUV %\ D[ ERRV GIR@E BKW U G
DGGHG WR VLPXODWH WKH HITHFWYV 7KIHY B ULJHL WILODGV IKYHHD
UHVWRUH WKH FRPSOH[ LQWHUDFWLRQV WXV HBQQWIOD QL (
EHDYHUV QDWXUDO EHKDYLRXUV WRE BRANVWLROQELWDW (

'LWK RQJRLQJ HFRORJLFDO PRQLWRULQQVIVMQ® XSV IURNQH
BWLUOLQJ 8 QADMIUWMNMAYHY DV D YLWDO UHVHDUFK EDVHI
GLVVHPLODWLQJ HIIHFWLYH UHZIRIGLQDSSURBRK FERW
QXUWXUHVY ORFDO ELRGLYHUVLW\ EXWXQGOGNRVWQKQIEQBH
UHZLOGLQJ
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7KH /LWWOH .QRZQ (FRORJLFDO 5ROHV RI &URFRG\OLD

:KLOH WKH HFRORJLFDO UROHV RI ODWHH FIURIMKZDONLBQ \
OHVV XQGHUVWRRG FRPSDUHG WR WKHLU WHWOWWHYAWN U
HPHUJLQJ VWXGLHV KLJKOLJKW WKPEDFBYRWRQWLARV\Y
KHDOWHWKRFRG\OLDKLWVFK LQFOXGH VSHFLHVY DFURVV I]
&URFRG\OKGDHIDWRWDIEGDWLDOLGQKDELW D YDULHW\ R
HQYLURQPHQWY OLNH ORZODQG ULYHUSURINMNWIXWDUIOHNYV
FRXQWULHY 7KHLU XQLTXH UHOLDOQFH ®QVWH QU HVWWDLHE
YLWDO FURVV HFRV\VWHP OLQNDJHYV

&URFRG\OLDQV DUH DPRQJ WKH ODUJH\DW\E UHRIGDKY KRV
VSHFLHV H[FHHGLQJ PHWHUV LQ OHQJWNL DR GUDRNVJI KLK
DFW DV HFRV\VWHP HQJLQHHUV PRG XKWL K BEEH QWD VK\R ¢
DQG PRXQG QHVWV 7KHVH DFWLY LB HV RARW HRUML\WL PES;
FUHDWH HVVHQWLDO UHIXJHV DQG EUHHGRWKHU WIBWHARF
HQKDQFLQJ KDELWDW VWUXFWXUH D QXQGHYUDB\SLUN\F LIDON
WKHVH FRQWULEXWLRQV KLJKOLJKW RQR®R GIKMHDHAR ORR
EDODQFH DQG VXSSRUWLQJ WKH KHDOWK URIV BQXBWLE
HFRV\WWHPV OLNH WKH )ORULGD (YHUJODGRY XBWMH)\
PDQDJHPHQW DQG K\GURORJLFDO IXQFWSRWWQWLDIO L
HFRV\WWHP KHDOWK LQGLFDWRUYV

+RZHYHU WKHLU VHHPLQJO\ VLJQLILEDOYWGHRRORBILPED
HYLGHQRMWXUH UHVHDUFK VKRXOG IRFXV RQ ILOOLQJ
WDUJHWHG K\SRWKHVLV GULYHQ VWXGLHV

T\
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S5HFRYHU\ RI 1IDWLYH &UD\ILVK BRSXODWLRQWDQG )UHVI

7KH &HQWUDO $SHQQLQHV LQ ,WDO\ NR\HW VG LKRHRH/ KV R T
HQGDQJHKHWH &0ODZHG &WDNHVK/ SHFLHV WKDW SOD\V D
PDLQWDLQLQJ ZDWHU TXDOLW\ DQG WVK5GRWIWR Q JGIRRI L
PDWWHU DQG FRQWUROOLQJ LQYHUWHEUGWH \8R SKDBL
ORVV SROOXWLRQ DQG LQYDVLYH FHDIBOLVELVSBDNHIN |
FUD\ILVK SODJXH SRSXODWLRQV KDH i I3\HW QALKQR-DGS B\ P D
XUJHQW FRQVHUYDWLRQ HIIRUWV QHFHVVDU\

5HZLOGLQJ $SHQQLQHV KDV WHWMRU B FWK R QAKSHRRLIHKY

EUHHGLQJ FHQWHUYV DQG KDELW D WUV HIKRIDELFOZ WVIX\W LRWD \
QDWXUDO UHSURGXFWLYH F\FOH HOQVXUWIQFXKEXWERWDV IR
WKH UHOHDVH RI MXYHQLOHYV LQWR UHRNHRUHG KVDXY RDL
FUD\ILVK KDYH EHHQ UHLQWURGXFHG LQWR VWXPV IRIU C
QDWXUDO UHSURGXFWLRQ $GGLWLRQDDOHRIREWYULEBBE
GHJUDGHG VWUHDPV WR SURWHFW NH\ ZHWODQG DUHDYV

:KLOH HDUO\ UHVXOWY DUH SURPLVLQJE LMROIQW UPHXHMR BB
DQG LQYDVLYH VSHFLHV FRQWURO DUWHORKQ/IHOWUP O/ XRIY

& . 4
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6DUXYV &UDQH 5HFRYHU\ ,QIOXHQFH RQ :MWODQG (FRV\V!
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7KH *DQJHV 5LYHU EDVLQ KRVWYV GLY HUWWH ZWHIWND Q G F OYx
WKHXOWXUDOO\ VLJQLILFDQW EXW Y XQKQHRK EMHE QG X W
ERWK QDWXUDO DQG PDQ PDGH ZHWODQGRURBG LWIONW Id
FUDQHVY WR EUHHG LQ ULFH SDGGLHVXIEHHASMWH ORZHU |

7KH 6DUXV &UDQH VHUYHV DV D NH\ LQWKFE\RRYHRIY DM
HITRUWV LQ HDVWHUQ 8WWDU 3UDGHVXLB\KDKH 3 ORBWOH F
QHVWVY OHDGLQJ WR DQ DQQXDORPRSXODWLWR@ JI
7KH SURMHFW VDIHJXDUGV ZB®\D D Q GAL RHEQ YBiL
PRQLWRULQJ DQG SURPRWHVY FRPPXQLW\ OHG FRQVHUY

&UDQHV SURYLGH FUXFLDO HFRV\VWHPWDNI YHLIFKID/Q AHH
QXWULHQW F\FOLQJ DQG ELRGLYHUVEWKDNXSSRW WQ F KM
SODQW GLYHUVLW\ SUHYHQWV LQYD§VHHFW SHRFRDHYD IR
WLPHV 6DUXV &UDQHV SRVLWLYHO\ FRDRSWREXVOH WRL
FRQGLWLRQV DQG DLGLQJ HDUO\ FURS FXOWLYDWLRQ

7KH VSHFLHV V\PEROL]H ILGHOLW\ DDRQGGIHDWXKHOISQ EIR
HFRWRXULVP IRVWHULQJ SRVLWLYH KXRKFBQ XI1LGQEFOW KH- V. (
ORFDO VXSSRUW FDQ LPSURYH WKH VSHFLHV EUHHGLQJ

3+272 &5(',7 6$17$18 6(1
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I1DWLRQDO &KDPEDO 6DQFWXDU\ 3BURWHEWY ,QGLD V 'LY

7KH 1DWLRQDO &KDPEDO 6DQFWXDU\ LQ @5 LODO RO N KW KR
&KDPEDO 5LYHU VKHOWHUV QHDUO\ *KDWRDRSKIOWWH RA]
DQG WKH HQWLUH SRSXODWLRQ RI SWK3H &URIH® GBR H
7XUWQW DOVR VXSSRUWV VWDEDUYV &RSXRDRERIRRWKR |
&RDWHG 2WDAMHBIY 5LYHU 'ROSIBIGANDQ 6NLPPHUYV

,QGLD V DTXDWLF ODQGVFDSHV DOVR WRVKZ D\E R XWV X U\
DQG QXPHURXV ODUJH ILVKHV VXFK DV FDWHWHKHY Q@ LI
PHIJDIDXQD $ULND (OHSKDAWWHU 2QH KRUQHG 5SXQQ@RFF
$VLDWLF :LOG BROEDRIRULQH KHUELYRIRQIVWKFIQ IDIVFD QW
LPSDFW WKHVH HFRV\WWHPV 7KHLU DRGHS OO W XG\ Q DH
WKURXJK LQWHUDFWLRQV OLNH KHDEWKRDQ ® U X QWLIWLIRG)
WKHVH DTXDWLF VODW MR V& UTRKFR B Y OFHHJHHQ Q W U R G )XQRNHRG
YDULRXV ZDWHU ERGLHV DFURVV ,QGLD DQBOXIQ ®D AL
UHVHUYRLUV DV SDUW RI FRQVHUYDWLRRE HOILRHWMV
SRSXODWLRQV LQ WKHLU QDWXUDO KDELWDWV

'"HVSLWH WKUHDWYVY |[URP KDELWDW GHAMWEOMMLRFED Q&
SURWHFWHG DUHDV OLNH &KDPEDO DUH WWHKXRLDQ GIRL \
GLYHUVH HFRV\VWHPV HQVXULQJ WKHDQXUYHPD ® R{ DBN
VSHFO)HWXUH UHVHDUFK ZLOO GHOYH LQWR WIKRHQNRPQG
SUHGDWRU SUH\ GSQUDRMIAAXODUO\ LQ SODFHV OLNH WK
EHWWHU XQGHUVWDQG ZLOGOLIH UROHY W&®HHERRD/MH
HITHFWV RI ELRGLYHUVLW\ ORVYV DQG KDELWDW FKDQJH\

e R ? & s =
= . g, T — g Q :
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S5SHVWRULQJ %DODQFH 7KH 5ROH RI .MYXKHS HEHH ® 1HQNVHDYQ

7KH ,EHUE :HWODQGV LQ WKH &RUULHQOWHY BQRYRQ FWH
ODUJHVW IUHVKZDWHU VXEWURSLFDO ZHOMQODQARNYHQ 6R
PLOOLRQ KHFWDUHV +RPH WR D GLWNYVAHHDOWDM\GRI MSF
PDUVKHVY ODJRRQV VPDOO ULYHUV DQG LRGHYMWWYVLW
,EHUE KDV H[SHULHQFHG VLJQLILFDWQW RFRKXRDLF DO VGLL¥
VXFK DV DJULFXOWXUH FDWWOH UDQFKLGLQJD Q\GR H
FRQVLGHUDEOH ELRGLYHUVLW\ ORVVHMVIRUBWRR QWL
E\ 5BHZLOGLQJ $UJHQWLQD

5HZLOGLQJ $UJHQWLQD V LQLWLDWILR/Q W KRIRX KR G XAIF®C
FULWLFDO SULYDWHILQWQREXBDRG] NOLNEBHIMWR KHOS

FRQWURSD BAED SRSXODWLRQ DQG UHVWRUH QDWXUDO \
EDODQFH HFRV\WWHP G\QDPLF&D I6FSBIG /B @ W %EX HW 2 W W |
&ROODUHG 3HFF®DUMY 'HHOD\ FUXFLDO UROHV LQ QXWU
HFRV\WVWHP HQJLQHHULQJ PDLQWDLQLQJ RCQDPBEMLWDE
WKURXJK WKHLU QDWXUDO EHKDYLRXUV 7KHH BHIIRL
GHYHORSLQJ HFRWRXULVP LQIUDVWUXFWXMH ORRDOH
FRPPXQLWIKHY FRPSUHKHQVLYH DSSURDFK QRW RQO\
UHFRYHU\ EXW DOVR HQVXUHV VXVWDLQDE O HQFRBMQIGY W t
QDWXUH
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*UD]LQJ IRU JURZWK DQG ELRGLYHUVLW\ LQ WKH 'DQXEHF

$V WKH ODUJHVW UHPDLQLQJ QDWXUDO ZHWOND Q& YIHQG
GHOWD LQ (XURSH WKH 'DQXEH 'HOWD LV 50 \GHHWY.H QCDQ\GH
RQH RI WKH PRVW FUXFLDO KDELWDWYV IR BRIHM.QMH@V
7KH DUHD KDV XQGHUJRQH VLJQLILFDQW HFR G R BIL WIRO W
GHFOLQH LQ QDWXUDO KHUELYRUHVLY B ADURK FRSODBW
7KLV VKLIW KDV OHG WR WKH SUROL|HUWOWMKIRL/ RG GBI\DW
UHGXFLQJ WKH DUHD V ELRGLYHUVLWQ ®WY FPHDLERD/Q VD ¢
VDOW PDUVKHV 'HVSLWH WKHVH FKDOOHKG®UGN RIKFDSW
DQG KRUVHV URDPLQJ LQ VRPH SURWHFWHG WRJMDKH K
ELRGLYHUVLW\ DQG YHJHWDWLRQ

5HZLOGLQJ HIIRUWYV HPSKDVL]H QDSWWDL@UDQ QK \ VA DB W
DQGXWVXO +RRD/PNVIJH WKH ODQGVFDSH HIIHFWLYHO\ E
HQFURDFKPHQW PDLQWDLQLQJ ULY HURKBDIGA A YHIHEL WIDY
7KLV VWUDWHJI\ QRW RQO\ FXUEV GHQVH SHRGREHG .
HUVH PHDGRZ GHYHORSPHQW HQKDQFL®RJLFBRH)
HUVLW\ WKHUHE\ ERRVWLQJ ORFDOVE&DBR GV RX UALGH
DUUD\ RI UHLQWURGXFHG VW HUH % X LDOERXQGNQIRUVHV
FUHDWHY D PRUH YDULHG KDELWDW VKREHQOW®R SDRG
ELRGLYHUVLW\ 7KLV KLJKOLJKWYV WIKGHYMUNGLIKFADEGWY
SRSXODWLRQV RQ HFRORJLFDO UHVWRUDWLRQ

$V UHZLOGLQJ HIIRUWY FRQWLQXH XFDEH WRWBIYGRQ W
VSHFLHV ZLOO EH NH\ WR HQKDQFL®UYW K MLWH VRIOWH G F'IE
'HOWD ZHWODQGVY &RQWLQXHG PRQLWRUW®J DX Kl LBI\D
REVHUYDWLRQV SURYLGH YDOXDEOH LK \DLUK VMW \DHOEBW ILFC
DGGUHVV WKH FKDOOHQJHV SRVHG EQKDELWID W SGHHFLWVY |
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8QGHUVWDQGLQJ WKH HFRORJLFDO QU RVAKHIVE8 OLHAKL OHBNL QD

7KH 8 OLQK :HWODQGV ORFDWHG LQ VRBANVKKHBOWHWY
OHNRQJ 6XEUHJLRQ DUH D VHDVRQDO MO XKK®LW A & HU
E\ OHODOHXFD IRUHVWVY UHHG PHDGRZV DG\G KMXYDH SV
XQGHUJRQH VLJQLILFDQW HFRORJLFDOVW®WHJUDIEDWBERE
PDQDJHPHQW DQG KXPDQ LQWHUYHQWLR®\58¥XEW DWVLE
GHYHORSPHQW (IIRUWV WR PDQDJH SHDW KGWHJIW B GRX\I
FDQDO V\WWHPV KDYH LQDGYHUWHQW®U AR X OIHBDG VDK
XQHYHQ ZDWHU GLVWULEXWLRQ DQG LG DA Y HU KR L
KDYH ODUJHO\ EHHQ UHSODFHG E\ SODQVWDWDR®V RL VDK
WKH UHPDLQLQJ EXW KLJKO\ IUDJPHQW H® L QK O/BORHOR D

5HZLOGLQJ DQG FRQVHUYDWLRQ HIIRUWYV KDY WKEHIBQOL
DFWLYHO\ SXUVXHG WKURXJK HFRORJLFDO DVWHVVPE
IRFXVLQJ RQ VSHFLHV VWDWXV SRSXODWLRDOGW MW U7LKE
HFRV\WVWHP LV JUDGXDOO\ UHFXSHUDWLQJ

'LOGOLIH LQ 8 OLQIWWUREK 6DGYGD 3D QJRWMMHILY HW V
7XUWOB®MARQJ 7TDLOHG ODFBHMMAHVLIQLILFDQW UROHV D\
HQJLQHHUV LQIOXHQFLQJ KDELWDW\N®/LWUXFWXUWHY HD Y6 H
DOVR FRQWULEXWH WR VHHG GLVSHHMVDIOW\PDQGWDL®LQ
HFRORJLFDO $WHFRHWMHUYDWLRQ HIIRUWY FRQWLQXH X
HFRORJLFDO UROHV Rl WKHVH VSHFLHV WIK®OUEN INH\H\WY
DQG ELRGLYHUVLW\ RI WKH 8 OLQK ZHWODQGV




7KHVH GHWDLOHG FDVH VWXGLHV IURP RKW BQYHDYH
VWUDWHJILHY DQG RXWFRPHV DFURVV VHKW H@WREHMH DRF
LPSDFWIXO ZRUN EHLQJ GRQH WR UHVWRUBEDQYGMWRQV t
UHLQWURGXFLQJ NH\ VSHFLHV DQG UHVWR UHQW DK\CHEQ W
VLIQLILFDQW VWHSV WRZDUGV UHYHUGGLQHQ KILQRFELYH
HFRV\WVWHP VHUYLFHV WKDW EHQHILW ERWK QDWXUH DQC
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‘H HITWHQG RXU GHHSHVW JUDWLWXGHUWRZRR QU RXUHN E
WKHVH YLWDO FDVH VWXGLHV 7KHLU GHIGSEQ WHKRH) IXGE
RI WKHVH JOREDO UHZLOGLQJ HIITRUWYFW IRNQL @ R @V Y UMD

DQG HFRORJLFDO UHVWRUDWLRQ 7K H L UOHGMROHDWWL B K UL
RI HFRORJLFDO KHDOWK DUH LQVSLULSO DQHW JKWHU IX
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7KH PLVVLEORERDO 5HZLOGLQJ $OOLDQFH LV WR KGIOFEI E>
PRYHPHQW ZLWK WKH DLP WR PDLQVWUH®ROUH\Z DAEA
SUDFWLFH JOREDOO\ E\

7KH $OOLDQFH LV D SDUWQHUVKLS RIZIUWELOG LSO RD QI
3DUWQHUV ZRUOGZLGH ZRUNLQJ DFURVV DOO FRQWL
FXUUHQWO\ KHOSLQJ WR LQIOXHQEBOXLRI WHZNP® GRU QJ DR

PLOOLRQ VT NP RI VHD LQ FRXQWULHYV
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